We investigate the magnetotransport properties of quasi-free standing epitaxial graphene bilayer on SiC, grown by atmospheric pressure graphitization in Ar, followed by H 2 intercalation. At the charge neutrality point the longitudinal resistance shows an insulating behavior, which follows a temperature dependence consistent with variable range hopping transport in a gapped state. In a perpendicular magnetic field, we observe quantum Hall states (QHSs) both at filling factors (ν) multiple of four (ν = 4, 8, 12), as well as broken valley symmetry QHSs at ν = 0 and ν = 6. These results unambiguously show that the quasi-free standing graphene bilayer grown on the Si-face of SiC exhibits Bernal stacking.
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Graphene bilayers in Bernal stacking [1] exhibit a transverse electric field tunable bandgap [2, 3] , as evidenced by angle-resolved photoemission [4] and transport measurements [5, 6] , a property that renders this material attractive for device applications. Bernal stacking is the lowest energy structure, and is found in the natural graphite crystal. Recent studies of graphene bilayer grown on SiC [7] and Cu [8, 9] have suggested the presence of Bernal stacking, based primarily on electron microscopy and Raman spectroscopy. However, there has been no firm evidence of Bernal stacking based on electron transport, which in turn would allow an assessment of its potential role for electronic devices [10] . It is therefore of high interest to explore the electron transport in grown graphene bilayers, in order to determine the stacking of the layers and the key transport properties.
Here we investigate the transport properties of epitaxial graphene bilayer grown by atmospheric pressure graphitization of SiC followed by H 2 intercalation, which renders the graphene quasi-free standing. Using top gated Hall bars with Al 2 O 3 dielectric we probe the magneto-transport up to magnetic fields of 30 T and temperatures down to 0.3 K. The devices show a high field-effect mobility of 2,600 -4,400 cm 2 /Vs, which changes little from room temperature down to 0.3 K, as well as a strong insulating behavior near the charge neutrality point. The magneto-transport data reveal quantum Hall states (QHSs) at filling factors ν = 4, 8, 12, consistent with the four-fold, spin and valley degenerate Landau levels (LL) in Bernal stacked (A-B) graphene bilayer. More interestingly, the data also reveal developing broken valley symmetry QHSs at filling factors ν = 0 and ν = 6, which testify to the high sample quality. Further supported by Raman spectroscopy and low energy electron microscopy (LEEM) data, these results unambiguously show that the quasi-free-standing epitaxial graphene bilayer grown on the Si face of SiC substrates exhibits Bernal stacking.
The graphene bilayer films studied in this paper are produced via a two step process beginning with a starting substrate of 6H-SiC(0001) (Si-face, 2.1×10 11 Ω·cm, II-VI Incorporated). Prior to graphitization, the substrate is hydrogen etched (45% H 2 -Ar mixture)
at 1350
• C to produce well-ordered atomic terraces of SiC. Subsequently, the SiC sample is heated to 1000
• C in a 10 % H 2 -Ar mixture, and then further heated to 1550
• C in an Ar atmosphere [11, 12] . This graphitization process results in the growth of an electrically active graphene layer on top of the buffer layer, covalently bound to the substrate. Finally, hydrogen intercalation was carried out using 45% H 2 -Ar mixture at 800
• C [7] , in order to decouple the buffer layer from the substrate. As we show here, the two graphene layers, a formally buffer layer (decoupled via hydrogen intercalation) and a monolayer graphene (formed via graphitization process), are in Bernal stacking.
Both the number of layers and the quality of the resulting material are probed by Raman spectroscopy acquired over a 25×25 µm region, using a 532 nm excitation wavelength, 5 mW power, and 500 nm spot size. Figure 1(a) shows a typical Raman spectrum of the graphene bilayer sample in which the contribution from SiC substrate has been subtracted.
Well defined spectral features characteristic of graphene's G (∼1600 cm −1 ) and 2D-band (∼2700 cm −1 ) are observed. The 2D-band was well fit utilizing four Lorentzian peaks each with a width of ∼35 cm −1 confirming that the presence of graphene bilayer [ Fig. 1(a) inset].
The Raman spectra indicate that the sample is of high quality as the intensity ratio of the defect induced D-band to G-band, while present is less than 0.1 for the great majority of the sample area [ Fig. 1(b) ]. The presence of graphene bilayer is further confirmed by the energy dependence spectrum of the specular electron reflection [13] , and by the well ordered is then exposed to ambient, and transferred to an atomic layer deposition (ALD) chamber.
The ambient exposure causes the Al interfacial layer to fully oxidize [14] , and provides nucleation centers for the subsequent ALD process. A 15 nm thick Al 2 O 3 top dielectric film is then deposited using trimethylaluminum as Al source, and H 2 O as an oxidizer [15] . In Fig. 2(a) we show σ xx vs. V T G , measured at T = 290 K and 0.6 K, and at B = 0 T, revealing an ambipolar characteristic with a charge neutrality point at a positive V T G value.
Away from the charge neutrality point, the σ xx vs. V T G data show a linear dependence up to the highest V T G values, with a corresponding field-effect mobility of 2,600 -4,400 cm 2 /Vs at T =290 K [16] . At T = 0.6 K, where the measurement was performed in a wider V T G range, the σ xx vs. V T G linear dependence persists down to -4 V, for a gate voltage overdrive of up to 5 V. The linear σ xx vs. V T G dependence contrasts data reported in mono-layer graphene, where neutral impurity scattering, which is density independent, limits the conductivity at high V T G values. In contrast, the neutral impurity scattering remains proportional to n in graphene bilayers [17] . the conduction and valence bands, thanks to the layer on-site energy asymmetry [2] . We posit the presence of a transverse electric field in our samples, due to unintentional doping and the asymmetry of the device structure. The inset of Fig. 2(b) shows the T -dependence of the resistivity measured at the charge neutrality point (ρ N P ). The data clearly follow a ∝ e (T 0 /T ) 1/3 dependence for T lower than 100 K, indicating that variable range hopping rather than thermally activated conduction controls the electron transport at low temperatures.
This has been attributed to disorder-induced localized states in the gap, which reduce the effective energy gap [19, 20] , and render the T -dependence of the ρ N P weaker than the exponential ∝ e ∆/2k B T dependence expected for a band insulator with an energy gap ∆; k B is the Boltzmann constant. The extracted T 0 value corresponding to Fig. 2(b) inset data is 4 0.6 K, similar to previously reported values on exfoliated graphene bilayers [6, 19] . A fit of the ρ N P vs. T data of Fig. 2(b) inset to the exponential ∝ e ∆/2k B T dependence for T ≥ 120 K, yields an energy gap at the charge neutrality point of ∆ = 20 ± 6 meV.
While Fig. 2 data at the charge neutrality point show an energy gap, suggestive of a graphene bilayer, the most important finding of this study is presented in Fig. 3 . Figure 3 In that regard, the observation of a ν = 6 QHS in quasi-free standing graphene bilayers is 5 interesting, and testifies to a reduced disorder and LL broadening in these samples, by comparison to dual-gated graphene bilayers on SiO 2 substrates, and with a similar top-gate stack [24] . We note that back-gated graphene bilayers on SiO 2 samples can exhibit higher mobilities [25] .
In the remainder, we explore further the ν = 0 QHS in these samples. Depending on the transverse E-field, the ν = 0 QHS in graphene bilayers can be either spin-polarized at small E-fields, or valley-(layer) polarized at large E-fields [26, 27] . If the E-field is varied at a given perpendicular magnetic field, the ν = 0 QHS undergoes a transition from spin-tovalley-polarized at a critical E-field (E c ). Experimental studies [24, 28] with earlier microscopy studies [7] unambiguously identify the Bernal stacking arrangement of graphene bilayers on the Si-face of SiC substrates, and render this system particularly attractive for electronic and optoelectronic device applications, thanks to its high mobility, 
